The adsorption behavior of Pb(II) and Cd(II) ions in aqueous solutions on silica aerogels modifi ed with amino propyl triethoxysilane was investigated as a function of pH, contact time, adsorbate concentration and adsorbent dose. It was found that maximum adsorption of Pb(II) and Cd(II) ions occurs at pH 6.0 and pH 8.0, respectively. The optimum contact time to obtain equilibrium adsorption with the modifi ed silica aerogel was experimentally found to be around 48h. Adsorption isotherms clearly indicated that the adsorption behavior of metals ions on the modifi ed silica aerogels is fi tted well with both the Langmuir and Freundlich isotherms. The maximum adsorption capacities of Pb(II) and Cd(II) on modifi ed silica aerogel were found to be 45.45mg/g and 35.71mg/g, respectively. The results indicated that silica aerogels modifi ed with amino functional groups can be used as an effi cient adsorbent in the removal of metal ions such as Pb(II) and Cd(II) from aqueous solutions.
INTRODUCTION
Rapid development of industries such as metal electroplating, steel industries, mining operations, fertilizer industries, tanneries, batteries, ceramic industries, paper industries, painting operations and pesticides leads to the discharge of wastewaters containing heavy metals into the environment, particularly in developing countries
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. The pollution of waters by toxic heavy metals is considered as a major threat. This is due to their high toxicity, non-biodegradability as well as long biological half-lives. Heavy metals can accumulate in food chain and endanger the aquatic organisms, plants, animals and human health [3] [4] [5] [6] . Cadmium ions cause renal disease 7 , lung fi brosis, dyspnea, weight loss 8 and Itai Itai disease 9 . Lead ions damage to the central nervous system 7 , cause problems in the synthesis of hemoglobin, have adverse effects on the gastrointestinal tract, kidney, liver and also lead to a weakness of muscles and joints [10] [11] . Based on the World Health Organization (WHO) guidelines, the maximum allowed concentration of lead and cadmium ions in drinking water is 0.01 and 0.003 mg/L, respectively 7 . Due to the environmental and health risks created by Lead and Cadmium, the removal of these heavy metals from water and wastewater is essential. In this regard, several methods including chemical precipitation, ion exchange, electrochemical treatment, membrane separation, solvent extraction and adsorption have been applied 12- 13 . The adsorption method has been shown to be effective in the removal of heavy metals from aqueous solution8. The major factors affecting the adsorption process consist of pore size, pore distribution, surface area and surface chemistry of the adsorbent. As shown in Table 1 , different adsorbents have been applied for the adsorption of lead and cadmium from aqueous solutions 1,9-10, [14] [15] [16] [17] [18] . Silica aerogels having high porous structure (up to 99%), high specifi c surface area (500-1000 m 2 /g) and low density (as low as 5 kg/m 3 ) show high adsorption capacities which are similar or even higher than the traditionally used adsorbents
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. Modifi cation of silica aerogel with organic functional groups increased the adsorption capacity of heavy metals. Standeker et al. reported that silica aerogels modifi ed with mercapto functional groups show very high adsorption potential in removing Cu(II) and Hg(II) ions from aqueous solution. It could adsorb more than 99.0% of these metals in the pH ranges of [4] [5] [6] 20 . The main objective of this study was to investigate the performance of silica aerogels modifi ed with amino Propyl Triethoxysilane (amino functional groups) in the removal of Pb(II) and Cd(II) from aqueous solutions.
EXPERIMENTAL

Chemicals and reagents
All chemicals including tetraethoxysilane (TEOS), 3-aminopropyl triethoxysilane (APTES), isopropanol, hexane, Cd(NO 3 )2.4H 2 O, Pb(NO 3 ) 2 , HCl, NaOH were purchased from Merck Company. The stock solutions of Cd (II) and Pb(II) (1000 mg/L) were prepared by dissolving stoichiometric quantities of their nitrate salts (analytical grade) in distilled water. These stock solutions were further diluted with distilled water to achieve desired concentration as working solutions.
Adsorbent: Preparation and Modifi cation
Tetraethoxysilane (TEOS) was utilized as the main 
Analysis and Characterization
The surface modifi cation of silica aerogel was corroborated by infrared spectroscopy using Nicolet IR spectrophotometer (Model: Impact-400 D). The morphology of nano-porous silica aerogel was assigned by scanning electron microscopy (SEM) (Model: Philips XL-30). The thermal stability of the silica aerogel was studied by thermogravimetric analysis (TGA) using Setaram Labsys. The surface area of the adsorbent was determined by a single-point N 2 gas adsorption method using a model Quanta Chrome Instrument Mono Sorb device. . The concentration of the metal ion in the solutions was determined with a Perkin-Elmer atomic absorption spectrometer (AAS) (Model AAnalyst300). A pH-meter (Jenway 3010) and rotary shaker (Nuve ST 400) were used for pH measurement and shaking the samples, respectively.
Adsorption experiments
Initially, the adsorption experiments through the unmodifi ed adsorbent showed that the removal effi ciency of Pb(II) and Cd(II) was found to be 25.6% and 14.2%, respectively. Therefore the modifi ed adsorbent because of the higher removal effi ciency was used for rest of the experiments. Batch adsorption experiments were conducted to study the effect of parameters such as pH, contact time, metal concentration and adsorbent dose on the removal of Pb(II) and Cd(II) from aqueous solutions by silica aerogel modifi ed with amino functional groups. All the adsorption experiments were carried out at room temperature (25 o C) with 50 mL of metal ions solution in a 150 mL conical fl ask and shaking by rotary shaker at 200 rpm for 48 h. After agitation, the suspensions were centrifuged at 2500 rpm for 10 min and the clear supernatant was analyzed for the metal ions by atomic absorption spectrometer. The removal effi ciency (%) of tested metals was calculated through the equation (1): (1) Where; C o is the initial metal ion concentration in the solution (mg/L) and C e is the fi nal equilibrium concentration in the solution at equilibrium time (mg/L).
Effect of pH and contact time
Evaluation of the effect of pH on the adsorption was conducted using 50 mL of a solution containing 0.5 g adsorbent and 400 mg/L metal ion at various pH values ranged from 2 to 12. HCl (0.1 M) or NaOH (0.1 M) was used for adjustment of solution pH the desired value. The experiments were carried out with the fi xed optimum pH and varying contact times (1, 3, 5, 25, 48 h) to assess the infl uence of contact time on metal removal effi ciencies. The effects of pH and contact time on the adsorption were determined by using a rotary shaker at 25 o C for 48h. The suspensions then were centrifuged and the metal content of the clear supernatants were analyzed using AAS.
Effect of initial concentration of heavy metals and adsorbent dose
The effect of initial concentration of heavy metals was evaluated using different Pb(II) and Cd(II) concentrations (50, 100, 200, 300, 400, 500 mg/L) in 50 mL solution containing 0.5 g adsorbent at the optimum pH and 25 o C for 48 h (equilibrium time). After agitation the suspensions were centrifuged and the metal contents were measured by AAS.
The effect of adsorbent concentration was evaluated by different doses (0.05, 0.2, 0.4, 0.8, 1.6 g) in 50 mL of heavy metal solutions with a fi xed concentration of each Pb(II) and Cd(II) (400 mg/L), the equilibrium time (48 h) and the optimum pH values at 25 o C. After agitation, the suspensions were centrifuged and the metal contents measured by AAS.
Adsorption isotherm
To assess the sorption capacity of the adsorbent, isotherm experiments were carried out by adding 0.5 g adsorbent into 50 mL of various concentrations of each Pb(II) and Cd(II) solution (50, 100, 200, 300, 400 and 500 mg/L) at room temperature (25 o C). The suspensions were shaken by rotary shaker (200 rpm) for 48h and the suspensions were then centrifuged (2500 rpm for 10 min) and analyzed using AASThe metal adsorption capacity of the adsorbent was calculated via the equation (2): (2) Where q e is the capacity of adsorbent for the heavy metal (mg/g), C o is the initial concentration of heavy metal (mg/L), C e is the equilibrium heavy metal concentration in solution (mg/L), m is the mass of adsorbent (g) and V is the volume of the solution (L).
RESULTS AND DISCUSSION
Characterization of the adsorbent
The spectra of FT-IR analysis of the silica aerogel before and after modifi cation are shown in Fig. 1 . In both of the adsorbents, the strong peak near 1080 cm -1 and the weak peak near 800 cm -1 were related to the asymmetric and symmetric bending of Si-O-Si bonds, respectively. The strong peak near 470 cm -1 was also attributed to the bending of the O-Si-O bonds. In the spectra of the unmodifi ed aerogel, the wide peak at 3426 cm -1 correspond to the hydroxyl groups adsorbed on the surface and the peaks at 1640 cm -1 and 944 cm -1 correspond to the bending of the H-O-H bonds and the stretching of the Si-OH bonds, respectively
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. In the spectra of the modifi ed silica aerogel, stretching vibration of N-H appeared at 3446 cm -1 that overlaps with a wide peak at 3426 cm -1 correspond to the hydroxyl groups. Fig. 2 (a) and (b) show the TGA curves of silica aerogel before and after modifi cation, respectively. In Fig. 2 (a The morphology of the modifi ed silica aerogels before and after modifi cation has been studied by scanning electron microscopy (SEM). The SEM images in Fig. 3 show that the particles and pore size in the modifi ed silica aerogel (3b) were much uniform than those in the unmodifi ed silica aerogel (3a). In other words, the modifi ed silica aerogel has heterogeneous particles size with some agglomerated particles. Also particles and pore sizes in the modifi ed silica aerogel are bigger than these of the unmodifi ed silica aerogel. N 2 adsorption data show that the BET surface areas of the silica aerogel before and after modifi cation are 940±23 m 2 /g and 240±7 m 2 /g, respectively. Substantial reduction in the specifi c surface area after modifi cation is observed, which could be attributed to the insertion of NH 2 in the pore structure of the silica aerogel 25 .
EFFECT OF PH
The pH of a solution is an important factor governing the adsorption process. It affects the surface charge of the adsorbent and the ionization process
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. The results of Pb(II) and Cd(II) ions adsorbed by modifi ed silica aerogel at different pH are shown in Fig. 4 . It was found that the maximum adsorption of Pb occurred at pH 6.0 and Cd(II) at pH 8.0 with a removal effi ciencies of 99.60%, and 75.01%, respectively. For the pH values higher and lower than the optimum, the metal ions removal effi ciency was decreased. At lower pH, the decrease in the removal effi ciency may be related to the increased competition between hydrogen ions and metal ions to protonate the amino groups of modifi ed silica aerogel. In addition, an increase in the positive surface charge at lower pH leads to an increase in the electrostatic repulsion between the surface and metal ions 10 . The main reactions that occur at the solid-solution interface may be exhibited by the equations (a)-(d) 27 . NH 2 29 . Thus, the cadmium loses its hydration layer harder than lead due to its higher hydration energy level 30 .
Effect of adsorbent dose
The removal percentage of the heavy metals at different adsorbent doses (0.05-1.6 g) is presented in Fig. 7 . The removal effi ciency increases with an increase in the adsorbent dose. By increasing the adsorbent dose from 0.05 g to 1.6 g, the removal percentage of Pb(II) and Cd(II) increase from 88.03% to 100% and from 37.78% to 90.98%, respectively. This is due to the availability of more adsorption sites on the surface of adsorbent to react with metal ions. . (a) represents the protonation of the amino groups of modifi ed silica aerogel in solution that occurs at low pH. Eq. (b) shows the formation of surface complexes of metal ions and amino groups. As discussed above, the competition between hydrogen and metal ions at low pH leads to fewer adsorptions of metal ions because the adsorption of H + results in the protonation of NH 2 to form NH 3 + . Eq. (c) indicates the adsorption of hydroxyl ions by amino groups at high pH which leads to the reduction of metal ions adsorption. At higher pH, the adsorption of metal ions via electrostatic attraction as displayed in Eq. (d) might increase 27 . Therefore, pH 6.0 and 8.0 were selected as optimums for Pb(II) and Cd(II) adsorption experiments, respectively. According to an adsorption study with mustard husk, the maximum removal effi ciency for Pb(II) was occurred at pH 6 (97%) and for Cd(II) was observed at pH 4 (70%) 14 .
Effect of contact time
Fig . 5 shows the effect of various contact times (1-48h) on the metal ions removal effi ciency by the modifi ed silica aerogel at optimum pH. The removal percentages of both cations are increased with increasing the contact time until equilibrium is achieved. The optimum contact time was experimentally found to be about 24h and no signifi cant changes were observed after this time. The removal percentage for Pb(II) and Cd(II) ions by modifi ed silica aerogel up to 24h contact time were 98.95% and 74.83%, respectively. However, the 48h contact time for adsorption equilibrium of the samples was used for all subsequent experiments. In the study for the removal of Pb(II) and Cd(II) by mustard husk, the equilibrium contact time was selected 72h 14 .
Effect of initial concentration of heavy metals
The initial concentration of metal ions is a main factor for effective adsorption. The removal percentages of the heavy metals at different concentrations by modifi ed silica aerogel are shown in Fig. 6 . With increasing the initial heavy metal concentration, the removal percentage was decreased. For the initial Pb(II) and Cd(II) concentration ranges of 50-200 mg/L and 50-100 mg/L, respectively, their removal is nearly 100%. At lower concentrations, more adsorption sites are available for adsorption of the heavy metals ions. Thus, at lower concentrations the 
and linear (R L =1). The Freundlich isotherm was also used to model the observed phenomena as given in the equation (6) 31 :
(6) Where q e is the same as above and n, K f (L/g) are constants. Freundlich isotherm may be linearized via a logarithmic plot as in the following equation (7): (7) The values of K f and 1/n are determined from the intercept and slope of linear plot of log q e against log C e , respectively.
The 33 . Figure 7 . The effect of adsorbent dose on the adsorption of metal ions onto the modifi ed silica aerogel (The initial metal ions concentration=400 mg/L, Contact time= 48h, pH= 6 for Pb; 8 for Cd) Table 2 . Langmuir, Freundlich and D-R isotherm parameters for adsorption of Pb(II) and Cd(II) by the modifi ed silica aerogel
The obtained isotherm values are shown in fi g. 8 and summarized in Table. 2. The adsorption isotherms clearly showed that the adsorption behavior of the metal ions on the silica aerogel modifi ed with amino functional groups is in concordance with the isotherms of Langmuir and Freundlich. The E values higher than 16 showed that the mechanisms of adsorption for both the metal ions are chemical. The maximum adsorption capacity for Pb(II) and Cd(II) on modifi ed silica aerogel were found to be 45.45 mg/g and 35.71 mg/g, respectively.
CONCLUSIONS
The results of the present study showed that silica aerogels modifi ed with amino functional groups can be used as an effi cient adsorbent in metal ions removal such as Pb(II) and Cd(II) from aqueous solutions. As seen from table 1, the adsorption capacity (mg/g) of the modifi ed silica aerogel in the removal of Pb(II) and Cd(II) is higher than most of the adsorbents but economical analysis must be considered. The reduction of silica aerogel specifi c surface area after modifi cation is due to the insertion of NH2 in the pores surface of the silica aerogel.
D-R isotherm showed that chemical adsorption was the main mechanism for the removal of the metal ions. The adsorption was higher at pH 6.0 and 8.0 for Pb(II) and Cd(II) ions, respectively. The removal percentage of Pb(II) ions from aqueous solutions by silica aerogels modifi ed with amino functional groups is higher than that Cd(II) ions.
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